Summary: A high performance liquid chromatography (HPLC) method was developed for the quantitation of strychnine in urine of children with noiiketotic hyperglycinaemia and other developmental disorders treated with the alkaloid. Mobile and stationary phases were polar, i.e. methanol-water-330 g/kg ammonia (volumes, 85 ml + 14.2 ml + 0.8 ml) and LiGhrosorb 7 . Brucine was the internal Standard. Extraction was perfbrmed by the Extrelut technique. At strychnine nitrate concentrations in urine of 21,126, and 760 g/l, recovery was 92.1 ± 8.7, 98.1 ± 2.7, and 102.5 ± 2.7%. A child with nonketotic hyperglycinaemia under continued strychnine treatment excreted l to 13.6% of the daily dose unmetabolized in urine. The method was also suitable for the estimation of unreacted strychnine in tissue extracts. The fast disappearance in vitro of strychnine from a guinea pig liver preparation was confirmed.
Introduction
Strychnine has a long history äs a spinal analeptic but little is known of its metabolism. If given in repeated toxic doses to cats, dogs and guinea pigs, only a small amount is excreted in biologically active form in the urine, all of it within 24 h after the last dose (1) . Unreacted strychnine is found in most tissues of cats and dogs and it is concentrated 6-7 fold in liver and kidney (2) . In värious animal species, the bulk of the drug is metabolized in the liver (3, 4) , and it is not metabolized in gut, muscle, heart, kidney, brain or blood (4) . In vitro transformation of strychnine by rabbit liver, measured with the methyl orange reaction, was apparently enzymatic; it occurred in microsomes enriched with soluble fraction, required O 2 and NADPH, and had a narrow pH Optimum gt 8.4 (4) . Phenobarbital and other inducing compounds given to rats and rabbits enhanced strychnine metabolism and lowered sensitivity (5, 6) . Male rats had higher tolerance to strychnine than females (7) . Of at least 4 metabolites produced by rabbit liver homogenates, only one was identified äs 2-hydroxystiychnine which in mice had a toxicity of only one hundredth of the parent alkaloid (6) . Glucuronidation and sulfatation played only a minor role, if any, in the detoxification of strychnine by rabbit microsomes (4) . A few years ago, we initiated the treatment of children with nonketotic hyperglycinaemia and other developmental disorders with pharmacological doses of strychnine (8) (9) (10) (11) . Thus there arose the need to measure unreacted strychnine in urine and other biological fluids. Colour reactions (12) , measurement of absorbance at one or two wavelengths after Separation (13-15), double labeling techniques (16) , GLC Separation (17) , and existing HPLC methods for grain baits (18) (Knauer, Berlin F.R.G.), the stationary phase. The mobile phase was methanol-water-330 g/kg ammonia (volumes,, §5 ml + 14.2 ml + 0.8 ml). Extraction A sample of 4 ml urine was spiked with 100 internal Standard solution (brucine · 2H2O, 20 mg/1 in methanol), adjusted to pH 12.0 with 3 mol/1 NaOH and applied to a column (9 cm X 2.5 cm) containing 4 g Extrelut. The sample was allowed to equilibrate with the Extrelut for 10 min. Substances were eluted with 50 ml dichloromethane and the total eluate was evaporated to dryness in vacuo. The residue was dissolved in 2 X 0.5 ml methanol, transfered to a small test tube and the methanol evaporated in a stream of nitrogen. Chromatography For HPLC the residue was dissolved in 50 of mobile phase, and 1-5 were injected. The flow rate was 2.0 ml/min. The elution was monitored at 254 nm with a detector sensitivity of 0.005 absorbance units on the füll scale and a recorder sensitivity of 5 mV. The column was not stored in the mobile phase which was polar and basic. Instead, the column was rinsed with approx. 30 ml of tetrahydrofuran followed by hexane äs an inert solvent for storage. Before it was reused, the column was rinsed with at least 10 ml of tetrahydrofuran followed by the mobile phase. By this treatment, the column was kept clean and could be used successfully and extensively for at least two months. The small dead volume which appeared at the top of the column bed after several months of use was fiUed with Li-Chrosorb Si-60 and the column employed further. (Theoreticaily one could avoid the formation of a dead volume by inserting a silica gel precolumn between pump and injector).
Calculation
The concentration of strychnine in the sample was calculated using the formula: c strychnine = R · F · Cbrucine · 2H 2 O where R was the peak height ratio, strychnine to brucine, at 254 nm. Factor F was determined previously using the Standard substances:
Cst|t y c hnine c brucine · Under our conditions it was 0.40 for free strychnine.
Results and Discussion
Extraction and quantitation of strychnine For extraction of urines, solvente with higher polarity such äs dichloromethane-isopropänöl (volumes, 90 ml + 10 ml) or ethyl-acetate offered the advantage of smaller volumes, but they resulted in t^ilings of UV absorbance ("solvent peaks"), which interfered with the strychnine peak. With tölüene or benzene äs the extraction solvents, the biological background was almost nil büt brucine recovery was variable. The Extrelüt technique (22) (20) and dichloromethanemethanol-diethylamine mixtures. With methanol-H 2 0-330 g/kg ammonia (volumes, 85 ml + 14.2 ml + 0.8 ml), optimal resolution and the clearest bäekgfound were obtained (number of theöreticäl plätes 900^1200). Several unspiked urines from healthy children and adults were processed, and peaks interfering with the position of strychnine and brucine were not observed (fig, Ib) .
In order to evahiate the precision of the niethod, stryehnine nitrate was added to a urine specimen of a contfol persöri at a concentration of 220 /l, and 4 ml portions were processed. The Variation coefficient (VC) was 0.8% (n =12).
A linear calibration curve was obtaüied by the additiqn of strychnine nitrate to üririe tö yield cönceritratiorls öf 20-840 jug/1 (coefficient of cofrelation r = 0.999; n = 12). The calibration curve matched the curves obtained from pure Standards. Recovery was tested by the addition of strychnine nitrate to coiitrol urines of 6 children at low (21 ,/ig/l), intermediate (126 Mg/1) and high (760 Mg/1) concentrations. Recovery was 92.1 ± 8.7, 98.1 ± 2.7, and 102.5 ± 2.7%,respectively.
The detection iimit was 2-4 ng per injection; starting with a 4 ml urine sample, this corresppnded to a strychnine coricenträtion of 5-10 %/1. When the ürinäry strychnine concentration exceeded 200 mg/1, sample size could be reduced. Strychnine metäbolites were not investigated in pur study. It can be expected that they will not interfeje with the measurement of stfychnine. "Becäüse of their different polarity and mölecular weight, they will either not be extracted or be separated from strychnine chromatographically. Values obtained from a second extraction and chromatography done after the samples had been kept at -20 °C for lyear. duplicated and the disappearance of unreacted strychnine in a guinea pig liver microsome preparation followed ( fig. 2) . Strychnine concentration feil in a first order mode to one tenth of the initial concentration at a rapid rate (50% disappearance in 16 min). The suitability of the method for the quantitation of strychnine in tissue extracts was thus est blished. 
